AD 


Award  Number:  W81XWH-05-1-0606 


TITLE:  Mechanisms  of  Disease  Persistence  in  Chronic  Myelogenous  Leukemia  (CML) 

PRINCIPAL  INVESTIGATOR:  Brian  J.  Druker,  M.D. 

CONTRACTING  ORGANIZATION:  Oregon  Health  &  Science  University 

Portland,  OR  97239 

REPORT  DATE:  October  2006 

TYPE  OF  REPORT:  Annual 

PREPARED  FOR:  U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


DISTRIBUTION  STATEMENT:  Approved  for  Public  Release; 

Distribution  Unlimited 


The  views,  opinions  and/or  findings  contained  in  this  report  are  those  of  the  author(s)  and 
should  not  be  construed  as  an  official  Department  of  the  Army  position,  policy  or  decision 
unless  so  designated  by  other  documentation. 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  0704-0188 


Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and  maintaining  the 
data  needed,  and  completing  and  reviewing  this  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information,  including  suggestions  for  reducing 
this  burden  to  Department  of  Defense,  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports  (0704-0188),  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202- 
4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  any  penalty  for  failing  to  comply  with  a  collection  of  information  if  it  does  not  display  a  currently 
valid  OMB  control  number.  PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ADDRESS. 


1.  REPORT  DATE  2.  REPORT  TYPE  3.  DATES  COVERED 

01-10-2006  Annual  15  Sep  2005  -  14  Sep  2006 


4.  TITLE  AND  SUBTITLE  5a.  CONTRACT  NUMBER 


Mechanisms  of  Disease  Persistence  in  Chronic  Myelogenous  Leukemia  (CML) 


5b.  GRANT  NUMBER 

W81XWH-05-1-0606 


5c.  PROGRAM  ELEMENT  NUMBER 


6.  AUTHOR(S) 


5d.  PROJECT  NUMBER 


Brian  J.  Druker,  M.D. 


5e.  TASK  NUMBER 


Email:  dmkerb@ohsu.edu 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Oregon  Health  &  Science  University 
Portland,  OR  97239 


5f.  WORK  UNIT  NUMBER 


8.  PERFORMING  ORGANIZATION  REPORT 
NUMBER 


10.  SPONSOR/MONITOR’S  ACRONYM(S) 


11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 


9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 
U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


12.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 

Approved  for  Public  Release;  Distribution  Unlimited 


13.  SUPPLEMENTARY  NOTES 

Original  contains  colored  plates:  ALL  DTIC  reproductions  will  be  in  black  and  white. 


14.  ABSTRACT 

Disease  persistence  is  the  main  issue  faced  by  CML  patients  on  therapy  with  imatinib  and  eradication  of  persistent  malignant  cells  will  be  critical  for  the  long¬ 
term  success  of  kinase  inhibitor  therapy.  Mechanisms  underlying  acquired  resistance  to  imatinib  have  been  extensively  studied  and  the  manner  by  which 
mutations  of  the  Bcr-Abl  kinase  domain  can  reduce  or  eliminate  sensitivity  of  CML  cells  to  imatinib  has  been  well  characterized.  Disease  persistence  in 
responding  patients,  in  contrast,  is  still  poorly  understood.  We  sought  to  identify  and  extensively  characterize  hematopoietic  stem  cells  responsible  for  disease 
persistence  and  explore  their  mechanisms  of  imatinib  resistance.  Using  in  vitro  culture  of  primary  CML  progenitor  cells,  we  identified  both  quiescent  and 
cycling  cells  capable  of  surviving  in  the  presence  of  imatinib.  We  observed  inhibition  of  tyrosine  phosphorylation  by  imatinib  in  surviving  cells,  suggesting  a 
Bcr-Abl  independent  mechanism  of  survival.  To  apply  information  gained  from  in  vitro  culture  to  persistent  cell  populations  in  treated  CML  patients,  we 
attempted  to  isolate  Bcr-Abl  positive  cells  from  patients  in  cytogenetic  remission.  Although  persistent  CML  cells  may  reside  within  the  stem  cell  compartment, 
techniques  of  stem  cell  enrichment  did  not  lead  to  enrichment  of  CML  cells.  We  are  therefore  developing  techniques  for  Bcr-Abl-specific  detection  to  facilitate 
these  studies,  including  creation  of  a  Bcr-Abl  junction-specific  antibody,  development  of  a  Bcr-Abl  mRNA  junction-specific  molecular  beacon  and  analysis  of 
potential  markers  of  CML  cells.  Evaluation  of  the  utility  of  these  techniques  in  primary  cells  is  ongoing.  The  detailed  analysis  of  primary  samples  is  technically 
challenging,  but  is  essential  for  an  understanding  of  disease  persistence  and  may  allow  identification  of  novel  drug  targets  or  methods  to  sensitize  resistant 
cells  to  imatinib  or  alternative  Bcr-Abl  kinase  inhibitors. 


15.  SUBJECT  TERMS 

chronic  myeloid  leukemia,  disease  persistence,  resistance 


16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION 

OF  ABSTRACT 

18.  NUMBER 

OF  PAGES 

19a.  NAME  OF  RESPONSIBLE  PERSON 

USAMRMC 

a.  REPORT 

U 

b.  ABSTRACT 

U 

c.  THIS  PAGE 

U 

uu 

39 

19b.  TELEPHONE  NUMBER  (include  area 
code) 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std.  Z39.18 


Table  of  Contents 


Introduction . 4 

Body . 4 

Key  Research  Accomplishments . 11 

Reportable  Outcomes . 12 

Conclusions . 12 

References . 13 

Appendix . 15 


Annual  Report  -  CM050037 


Brian  J.  Druker,  MD 


INTRODUCTION 

Targeted  therapy  with  the  Abl  kinase  inhibitor  imatinib  (Gleevec)  induces  hematologic  and 
cytogenetic  remission  in  the  majority  of  chronic  phase  CML1.  Very  few  patients,  however,  have 
undetectable  leukemic  cells  when  more  sensitive  detection  techniques  are  used  and  the  majority 
of  these  patients  relapse  if  imatinib  is  discontinued  .  Thus,  disease  persistence  is  the  main  issue 
faced  by  the  majority  of  CML  patients  on  therapy  with  imatinib  and  eradication  of  persistent 
malignant  cells  will  be  critical  for  the  long-tenn  success  of  kinase  inhibitor  therapy.  As  Bcr-Abl 
positive  cells  persist  for  up  to  five  years,  thus  far,  this  argues  that  some  imatinib-resistant 
populations  are  hematopoietic  stem  cells  (HSC)  with  long-term  self-renewal  capacity.  In  fact, 
CD34+  cells  from  complete  cytogenetic  remission  (CCR)  patients  are  enriched  for  Bcr-Abl 
cells  .  Many  mechanisms  of  disease  persistence  have  been  proposed,  including  drug  efflux  '  , 
Bcr-Abl  kinase  domain  mutations9,  Bcr-Abl  amplification10,  stem  cell  quiescence1112  and 
protection  by  the  bone  marrow  microenvironment  .  Evidence  that  these  processes  apply  to 
persistent  cells  is  limited  and  mostly  circumstantial  and  thorough  analysis  of  resistance 
mechanisms  in  persistent  cells  from  CCR  patients  has  not  been  done.  The  goals  of  this  project 
are  to  identify  and  extensively  characterize  hematopoietic  stem  cells  responsible  for  disease 
persistence  and  explore  their  mechanisms  of  imatinib  resistance. 

The  specific  aims  are:  1)  To  detennine  if  Bcr-Abl  is  active  in  HSC  populations  that  survive 
imatinib  treatment  and  to  determine  which  mechanisms  contribute  to  the  survival  of  these  cells; 
and  2)  To  determine  which  subpopulations  of  cells  are  persistently  Bcr-Abl  in  imatinib  treated 
CML  patients  that  have  achieved  CCR. 


BODY 

Aim  1  -  Determine  if  Bcr-Abl  is  active  in  HSC  populations  that  survive  imatinib  treatment 
and  to  determine  which  mechanisms  contribute  to  the  survival  of  these  cells 

In  vitro  culture  of  CML  stem  cells  with  imatinib 

Initially,  we  wished  to  determine  whether  Bcr-Abl  is  active  in  primary  CML  cells  that  survive 
culture  in  imatinib.  For  these  studies,  bone  marrow  and  leukapheresis  samples  from  seven  newly 
diagnosed,  imatinib-na'ive  chronic  phase  CML  patients  and  two  normal  samples  were  used. 
Mononuclear  cells,  isolated  by  Ficoll  centrifugation,  were  depleted,  by  immunomagnetic 
separation,  of  cells  expressing  lineage  markers.  Lin'  cells  were  cultured  in  serum  free  medium 
either  without  cytokines  or  with  a  five  cytokine  cocktail  (lOOng/mL  Fit  ligand,  lOOng/mL  SCF, 
20ng/mL  IL-3,  20ng/mL  IL-6,  20ng/mL  G-CSF)  in  the  presence  of  imatinib  for  four  days  as 
described  .  Initial  experiments  were  done  in  the  absence  of  cytokines,  a  culture  condition  that 
supports  the  growth  of  primitive  Bcr-Abl  but  not  normal  cells14;  however,  we  found  by 
culturing  normal  samples  that  a  fraction  of  normal  bone  marrow  Lin'  cells  were  capable  of 
surviving  in  these  culture  conditions  (Table  1).  Additional  experiments  were  therefore  done  in 
the  presence  of  cytokines  to  more  closely  represent  native  conditions.  Results  observed  in  both 
culture  conditions  are  presented  here.  Cell  density  was  monitored  daily  to  determine  the  degree 
of  cell  expansion.  Both  in  the  absence  and  presence  of  cytokines,  Ph+  cells  were  able  to  survive 
imatinib  treatment  (Tables  1,2). 
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Table  1.  Cell  growth,  phenotype  and  cell  cycle  status 
of  primary  CML  cells  and  normal  bone  marrow 
cultured  in  the  presence  or  absence  of  imatinib  (IM). 


Sample 

Culture 

Condition 

Fold  Cell 
Expansion 

Ph+ 

CML1 

No  Drug 

1.6 

95% 

Imatinib 

0.14 

9% 

CML2 

No  Drug 

2.7 

Nd 

Imatinib 

0.94 

Nd 

CML3 

No  Drug 

2.1 

96% 

Imatinib 

0.4 

93% 

CML4 

No  Drug 

0.5 

98%  | 

Imatinib 

0.57 

97% 

normall 

No  Drug 

0.44 

0% 

Imatinib 

0.34 

0% 

normal2 

No  Drug 

0.2 

0% 

Imatinib 

0.28 

0% 

Additionally,  in  the  presence  of  cytokines,  all  samples  showed  a  net  expansion  of  cells  treated 
with  imatinib  and  similar  cell  cycle  status  as  their  untreated  counterparts  (Table  2),  indicating  the 
capacity  to  proliferate  in  the  presence  of  the  inhibitor.  Acridine  Orange  staining  demonstrated  a 
slight  increase  in  the  Go  fraction  with  imatinib  treatment  in  all  samples;  however,  this  only 
represented  17-31%  of  cells.  This  suggests  that  there  are  mechanisms  of  cell  survival  in  addition 
to  quiescence,  as  previously  reported  “.  Cells  were  analyzed  for  expression  of  lineage  specific 
markers  and  stem  cell  markers.  Prior  to  culture,  all  samples  were  >90%  Lin'  (not  shown). 
Following  culture  there  was  an  increase  in  expression  of  lineage  markers  and  a  decrease  in  CD34 
expression.  There  was  a  greater  decrease  in  Lin',  CD34+  and  CD133+  cells,  in  imatinib  treated 
cultures  indicating  enhanced  cell  differentiation  during  the  culture  period  (Table  2).  This  may  be 
due  to  inhibition  of  Kit  by  imatinib,  as  we  have  observed  in  additional  experiments  that  culture 
with  SCF  maintains  an  immature  phenotype  of  primary  CML  cells  (not  shown). 


Table  2.  Cell  growth,  phenotype  and  cell  cycle  status  of  primary  CML  cells  cultured  in  the 
presence  or  absence  of  imatinib  (IM)  in  a  five-cytokine  cocktail. 


Sample 

Culture 

Fold  Cell 
expansion 

Ph+ 

Lin' 

CD34+ 

CD133+ 

Go  ! 

CML5 

-IM 

4 

97% 

58% 

59% 

9% 

75% 

12% 

+IM 

2.6 

94% 

41% 

41% 

5% 

78% 

17% 

CML6 

-IM 

15 

99% 

55% 

48% 

10% 

61% 

4% 

+IM 

4.9 

99% 

39% 

42% 

7% 

67% 

10% 

CML7 

-IM 

9.5 

100% 

81% 

83% 

70% 

75% 

26% 

+IM 

2.8 

97% 

75% 

67% 

56% 

68% 

31% 

CML  cells  surviving  imatinib  treatment  were  analyzed  for  inhibition  of  Bcr-Abl  activity.  When 
sufficient  cell  numbers  were  available,  this  was  done  by  western  blotting  for  phosphotyrosine  in 
untreated  and  treated  cell  lysates.  Intracellular  FACS  for  Bcr-Abl-specific  targets  P-CrkL,  P-Abl 
and  total  P-tyr  was  explored  as  a  means  of  analyzing  small  numbers  of  primary  cells.  In  CD34+ 
CML  cells  all  three  antibodies  demonstrated  target  specificity;  however,  total  phosphotyrosine 
was  chosen  for  our  studies  based  on  superior  signal  relative  to  background  (Figure  1). 
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Figure  1.  Intracellular  FACS  analysis  of  CML  CD34+  cells  using  phospho- 
Abl  (left),  phospho-CrkL  (middle)  and  total  phosphotyrosine  (right) 
antibodies.  Signal  relative  to  background  is  shown  for  cells  incubated  with 
or  without  lOpM  imatinib. 


Imatinib  treated  cells  showed  a  dramatic  inhibition  of  cellular  phosphotyrosine  levels  (Figure 
2A).  This  could  be  at  least  partially  reversed  by  washing  imatinib  from  the  culture. 
Representative  western  blot  and  intracellular  P-FACS  are  shown  (Figure  2B,C).  It  is  unclear 
whether  incomplete  restoration  of  phosphorylation  upon  washout  is  due  to  an  overall  decrease  in 
Bcr-Abl  activity  in  imatinib  treated  cells,  or  incomplete  removal  of  drug.  These  results  indicate 
that  a  fraction  of  CML  progenitors  can  survive  and  proliferate  in  conditions  that  inhibit  Bcr-Abl 
kinase  activity.  These  results  must,  however,  be  interpreted  cautiously.  Increased  expression  of 
lineage-specific  markers  and  decreased  expression  of  stem  cell  markers  during  the  culture  period 
indicate  that  the  initial  population  and  the  final  population  are  phenotypically  different.  It  is 
therefore  unclear  whether  the  initial  population  would  likewise  demonstrate  Bcr-Abl  inhibition 
or  whether  the  cells  we  observed  at  the  end  of  the  culture  period  were  differentiated  to  a  point 
where  they  had  become  imatinib  sensitive.  As  apoptotic  effects  of  imatinib  in  cell  lines  require 
several  days  in  culture15,  it  is  not  feasible  to  shorten  the  culture  period,  thus  in  vitro  culture 
studies  are  limited  in  their  ability  to  provide  information  about  persistent  populations. 


A 


B 


C 


E3CML3 

■  CML4 

■  CML5 

■  CML6 

■  CML7 


“no  IM” 

culture  IM  culture 


no  IO.liM  wash-  lO.uM 
IM  IM  out  IM 


CML7 


Figure  2.  Inhibition  of  phosphotyrosine  in  CML  Lin-  cells  cultured  with  lOmM 
imatinib.  A)  composite  data  from  western  blots  and  phospho-FACS  is  shown  for  five 
CML  samples.  B)  Representative  western  blot  of  cells  cultured  with  “no  drug”  with  or 
without  a  short  incubation  of  imatinib  and  cells  cultured  with  imatinib  in  which 
imatinib  was  either  left  in  prior  to  lysis,  or  washed  out.  C)  Representative  phospho- 
FACS  analysis  of  conditions  described  for  panel  B. 
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Aim  2  -  Determine  which  subpopulations  of  cells  are  persistently  Bcr-Abl+  in  imatinib 
treated  CML  patients  that  have  achieved  CCR 

Seeking  persistent  cells  using  stem  cell  enrichment  techniques 

Because  of  challenges  interpreting  in  vitro  culture  results,  we  chose  to  focus  our  study  on 
persistent  cells  in  patients  who  had  achieved  a  complete  cytogenetic  remission  without  a 
molecular  remission.  Initially,  we  detennined  whether  enriching  stem/progenitor  cells  would 
also  enrich  residual  Ph  cells  as  was  previously  suggested  .  Bone  marrow  from  CCR  patients 
was  lineage  depleted  and  FACS  sorted  into  CD34+CD38\  CD34+CD38low,  CD34+CD38+  and 
Lin+  fractions  and  analyzed  by  FISH  for  the  presence  of  Bcr-Abl.  In  two  samples,  1%  PhT  cells 
were  seen  in  the  CD34+CD38low  fraction  (Table  3),  however,  this  was  not  sufficient  enrichment 
to  pursue  this  method. 


Table  3.  Analysis  of  Bcr-Abl+  cells  in  stem/progenitor  cell 
fractions  of  CCR  patients. 


34+38" 

34+  38low 

34+38+ 

Lin+ 

sample  ID 

%Ph+ 

%Ph+ 

%Ph+ 

%Ph+ 

CCR1 

0 

- 

0 

- 

CCR2 

0 

1 

0 

0 

CCR3 

0 

1 

0 

0 

CCR4 

0 

0 

0 

0 

Because  our  study  and  previous  studies  demonstrated  survival  and  accumulation  of  primitive 
quiescent  Bcr-Abl  cells  in  the  presence  of  imatinib  ,  we  additionally  analyzed  Lin'Go  cells 
from  CCR  patients.  No  enrichment  of  Bcr-Abl+  cells  was  observed  in  the  primitive  quiescent 
fraction  (Table  4).  We  concluded  that  methods  of  stem  cell  isolation  were  unlikely  to  enrich  Bcr- 
Abl  positive  cells  sufficiently  for  our  studies. 

Enrichment  of  Bcr-Abl-expressing  cells 

We  next  sought  to  refine  our  methods  of  Bcr-Abl+  cell  enrichment  by  developing  Bcr-Abl- 
specific  means  of  cell  separation.  We  simultaneously  initiated  multiple  approaches,  including 
detection  of  Bcr-Abl  protein,  detection  of  Bcr-Abl  mRNA  and  identification  of  CML  progenitor 
cell-specific  markers. 


Table  4.  Analysis  of  Bcr-Abl+  cells  in  quiescent  stem/ 
progenitor  cells  of  CCR  patients. 


sample  ID 

%  G0 

%Ph+ 

Go 

%Ph+ 
"not  G0" 

CCR5 

65 

0 

0 

CCR6 

31 

5.7 

5.9 

CCR7 

22 

0 

0 

CCR8 

53 

0 

0 

CCR9 

60 

5.4 

0 

CCR10 

46 

0 

0 
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Bcr-Abl  junction-specific  antibodies 

To  detect  Bcr-Abl  protein  independently  of  c-Bcr  and  c-Abl,  we  generated  antibodies  in 
chickens  (Aves  Laboratory)  specific  to  the  Bcr-Abl  junction  regions  b3a2  and  b2a216.  Antibody 
target  recognition  was  validated  by  immunoprecipitation  (Figure  3A)  and  flow  cytometry 
(Figure  3B).  The  b3a2  antibody  was  capable  of  immunopreciptating  Bcr-Abl  and  demonstrated  a 
statistically  significant  increase  in  fluorescence  signal  by  FACS  in  Bcr-Abl  b3a2-expressing 
cells  relative  to  Bcr-Abl  negative  and  Bcr-Abl  b2a2  expressing  cells.  Specificity  was  not  seen 
with  the  b2a2  antibody. 

A 


Bcr-Abl 


Abl 


Figure  3.  Detection  of  Bcr-Abl  using  a  b3a2  junction-specific  antibody. 

A)  Immunoprecipitation  of  Bcr-Abl  with  a  b3a2  antibody.  B)  Intracellular 
FACS  with  a  b3a2  antibody  in  Bcr-Abl  negative  (purple)  b3a2  (green)  and 
b2a2  (orange)  Bcr-Abl  expressing  cells. 

K562  cells  diluted  into  Bcr-Abl-negative  HL60  cells  were  sorted  based  on  the  b3a2  antibody 
signal  and  sorted  populations  were  analyzed  by  FISH  for  Bcr-Abl.  Enrichment  of  Bcr-Abl4  cells 
was  seen  even  in  a  high  background  of  Bcr-Abl'  cells  (Table  5). 


Table  5.  Enrichment  of  Bcr-Abl+  cells  with 
a  Bcr-Abl  b3a2-specific  antibody 


Dilution 

Post  Sort 
b3a2‘ 
%Ph+ 

Post  Sort 
b3a2+ 
%Ph+ 

1:1 

K562:HL60 

1% 

100% 

1:100 

K562:HL60 

0% 

72% 

IB:  a-Abl 


- 


Total 

cellular 

extract 


B 


I.P.  with 
a-b3a2 
specific 
antibody 


b3a2  Antibody 


CML  CD34h  and  nonnal  CD34+  bone  marrow  cells  were  analyzed  by  intracellular  FACS  with 
the  b3a2  antibody.  Selective  detection  of  CML  cells  was  observed  (Figure  4). 
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Figure  4.  Intracellular  FACS  analysis  of 
normal  (green)  and  CML  (red)  CD34+ 
cells  with  a  b3a2  specific  Bcr-Abl 
antibody. 

Future  experiments  include  increasing  the  number  of  primary  specimens  used  to  test  the  b3a2 
antibody  and  FACS  sorting  CML  CD34+  cells  diluted  into  a  normal  background  to  test  the  utility 
of  this  antibody  for  selection  of  CML  cells.  Because  this  is  a  polyclonal  antibody,  high 
background  staining  may  obscure  weaker  differences  in  signal.  To  address  this  issue,  we  will 
employ  methods  of  subtractive  affinity  purification  to  remove  any  contaminating  antibodies  that 
may  bind  to  c-Bcr  or  c-Abl.  Once  specific  recognition  is  reproducibly  established,  CCR  CD34+ 
cells  will  be  FACS  sorted  based  on  b3a2  signal  and  analyzed  for  enrichment  of  Bcr-Abl  cells. 

Bcr-Abl  mRNA  hybridization 

To  specifically  detect  Bcr-Abl  mRNA,  we  designed  a  single  stranded  DNA  probe  against  the 
Bcr-Abl  b3a2  junction.  A  molecular  beacon  dye/quencher  strategy  was  used  as  a  method  of 
signal  detection17.  Bcr-Abl  specific  signal  was  observed  in  K562  cells  with  the  molecular  beacon 
relative  to  a  non-specific  scrambled  probe  (Figure  5)  however  background  signal  was  high,  even 
under  optimized  hybridization  conditions.  Addition  of  a  second  probe  to  introduce  a  dual  FRET 
molecular  beacon  strategy  has  been  shown  to  reduce  non-specific  background17. 
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Figure  5.  Detection  of  Bcr-Abl  in  K562  using  a  b3a2  junction- 
specific  molecular  beacon  (green)  versus  a  non-specific 
scrambled  probe  (purple). 


CML-specific  markers 

An  alternative  strategy  to  isolate  CML  cells  from  a  normal  background  is  to  identify  markers 
that  are  specific  for  CML  stem  and  progenitor  cells.  Literature  searches  identified  CD3318’19, 
CD  123  ’  and  WT-1  as  candidate  markers  that  were  shown  to  be  upregulated  either  at  the 
mRNA  or  protein  level  in  CML  versus  normal  cells.  Additionally,  we  performed  a  microarray 
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meta-analysis  using  publicly  available  data  of  gene  expression  profiles  in  normal  versus  CML 
CD34  cells  as  well  as  CML  CD34  data  that  we  generated  in  the  context  of  a  separate  project. 
Several  candidate  cell-surface  as  well  as  intracellular  markers  were  identified  (Table  6). 


Table  6.  FACS  analysis  of  candidate  markers  for  CML  and  normal 
stem/progenitor  cells. 


gene 

mRNA 

CML/normal 

FACS 

CML/normal 

p  value 

Leptin  Receptor 

3.9 

1.5 

0.14 

CD29 

3.1 

1.1 

0.23 

CD114 

0.30 

1.3 

0.19 

CD61 

0.23 

1.6 

0.14 

CD54* 

0.20 

1.3 

0.004 

CD33 

n/a 

2.7 

0.12 

CD123 

n/a 

1.0 

0.50 

Prefoldin-4* 

10.1 

1.5 

0.007 

Ski* 

9.2 

1.4 

0.03 

K-Ras* 

6.7 

1.3 

0.04 

RALA 

5.4 

1.1 

0.13 

Opioid  receptor  mul 

4.4 

1.1 

0.36 

Jak2 

4.3 

1.2 

0.14 

TRF1 

4.3 

1.5 

0.06 

WT-1* 

n/a 

1.3 

0.008 

c-Abl/Bcr-Abl* 

n/a 

1.6 

0.00007 

c-Bcr/Bcr-Abl 

n/a 

1.0 

0.38 

Abl  and  Bcr  expression  levels  relative  to  Bcr-Abl  were  also  considered.  All  candidate  markers 
were  analyzed  by  FACS  using  cell  surface  or  intracellular  staining  of  CML  and  normal  CD34+ 
cells.  Relative  fluorescence  intensities  of  CML/normal  were  compared  (table  6).  Representative 
data  for  WT-1  is  shown  (Figure  6). 


■  unstained 

■  normal  1 

■  normal  2 

■  normal  3 

■  normal  4 

■  CML  1 

■  CML  2 

■  CML  3 

■  CML  4 

■  CML  5 


Figure  6.  Intracellular  FACS  analysis  of 
WT-1  expression  in  normal  (orange)  and 
CML  (teal)  CD34+  cells. 


Those  demonstrating  a  statistically  different  signal  between  normal  and  CML  (represented  by  *) 
all  showed  <2-fold  difference  in  CML/normal.  Additional  optimization  steps  were  taken  to 
determine  whether  the  CML-specific  signal  could  be  enhanced.  Among  the  difficulties 
encountered  were  limited  availability  of  suitable  monoclonal  antibodies,  poor  antibody  quality, 
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poor  antibody  specificity  and  the  need  to  optimize  cell  permeabilization  techniques  for 
intracellular  staining.  Western  blots  of  a  variety  of  Bcr-Abl  negative  and  positive  cell  lines 
demonstrated  that  the  antibody  for  prefoldin  4  was  unable  to  recognize  its  target  and  available 
antibodies  for  K-Ras  recognize  all  of  the  Ras  isoforms.  Thus,  these  targets  were  discarded.  Ski-1 
and  TRF-1  antibodies  both  showed  specificity  for  their  targets  in  western  blots  and  by  FACS 
analysis,  however,  the  optimal  permeabilization  technique  for  FACS  was  incompatible  with  cell 
surface  staining  for  CD34+  cells.  Additional  permeabilization  techniques  are  being  tested  for 
these  antibodies  . 

WT-1  expression  and  c-Abl/Bcr-Abl  expression  were  used  as  a  means  of  sorting  CML  from 
nonnal  cells.  CML  and  normal  CD34+  cells  stained  with  either  WT-1  antibody  or  Abl  24-21 
were  mixed  at  equal  ratios  and  sorted  based  on  WT-1  or  Abl  signal. 

Table  7.  Enrichment  of  Bcr-Abl+  cells 
in  WT-lhigh  and  Ablhigh  fractions  of 
mixed  normal  and  CML  CD34+  cells. 


Post  Sort 
Ph  + 

WT-llow 

38% 

WT-lhigh 

78% 

Abllow 

25% 

Ablhigh 

75% 

Sorted  cells  were  analyzed  by  FISH  for  Bcr-Abl.  Incomplete  enrichment  was  observed  for  both 
markers  tested  (Table  7).  Additionally,  Abl  staining  and  FACS  sorting  of  CD34+  marrow  cells 
from  CML  patients  who  had  achieved  a  partial  cytogenetic  remission  on  imatinib  did  not  yield 
any  enrichment  of  Bcr-Abl  cells  (data  not  shown)  suggesting  that  the  small  differences  in  signal 
observed  with  WT-1  and  Abl  staining  may  not  be  sufficient  to  achieve  the  separation  necessary 
for  our  studies. 

In  addition  to  improving  staining  techniques  for  candidate  markers,  additional  markers  identified  by 
the  microarray  meta-analysis  will  be  explored  with  an  emphasis  on  those  amenable  to  cell  surface 
staining. 


KEY  RESEARCH  ACCOMPLISHMENTS 

•  Analysis  of  proliferation,  cell  cycle  status,  tyrosine  phosphorylation  and  imatinib  sensitivity  of 
newly  diagnosed  CML  stem/progenitor  cells  in  an  in  vitro  culture  system. 

•  Assessment  of  the  frequency  of  CML  cells  among  stem  cell  and  quiescent  progenitor  cell 
populations  of  patients  in  CCR. 

•  Development  of  a  Bcr-Abl  junction-specific  antibody  capable  of  distinguishing  Bcr-Abl  positive 
and  CML  cells  from  normal  cells. 

•  Development  of  a  Bcr-Abl  junction-specific  molecular  beacon  capable  of  distinguishing  Bcr-Abl 
positive  cells  from  Bcr-Abl  negative  cells. 

•  Evaluation  of  seventeen  potential  markers  for  CML  stem  cells. 
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REPORTABLE  OUTCOMES 

None  to  report  at  this  time. 


CONCLUSIONS 

To  address  the  mechanisms  of  disease  persistence  in  imatinib-treated  CML,  we  initially  studied 
the  in  vitro  effects  of  imatinib  on  newly  diagnosed  CML  stem/progenitor  cells.  We  observed 
inhibition  of  proliferation  of  these  cells  relative  to  untreated  specimens  as  well  as  a  slight 
increase  in  quiescent  cells  upon  imatinib  treatment,  consistent  with  previously  published  data  . 
The  presence  of  cycling  cells  and  the  net  increase  in  cell  number  in  the  presence  of  imatinib, 
however,  demonstrates  that  proliferating  cells  as  well  as  quiescent  cells  are  capable  of  surviving 
imatinib  treatment.  Additionally,  we  observed  inhibition  of  Bcr-Abl  kinase  activity  in  cells 
surviving  imatinib  treatment,  suggesting  that  their  proliferation  and  survival  were  independent  of 
Bcr-Abl  activity.  A  decrease  in  stem  cell  markers  during  the  culture  period,  however,  suggests 
that  differentiation  had  occurred  during  the  culture  period.  While  we  can  conclude  that  in  the 
final  cell  population  Bcr-Abl  was  inhibited  by  imatinib,  it  is  impossible  to  extrapolate  this  result 
to  the  starting  cell  sample. 

Because  of  this  difficulty  in  interpretation  of  in  vitro  culture  studies,  we  focused  on  isolating 
persistent  cells  from  patients  in  cytogenetic  remission.  Enrichment  strategies  using  stem  cell 
markers  or  the  property  of  quiescence  did  not  enrich  the  Bcr-Abf  population,  therefore  we 
focused  extensively  on  methods  of  Bcr-Abl-specific  detection.  We  generated  a  Bcr-Abl  b3a2 
junction-specific  antibody  capable  of  selectively  recognizing  Bcr-Abl  expressing  cell  lines  and 
primary  CML  progenitors  by  FACS  analysis.  We  additionally  developed  a  Bcr-Abl  b3a2 
junction-specific  molecular  beacon  capable  of  selectively  detecting  Bcr-Abl  mRNA  in  Bcr-Abl 
expressing  cells.  Finally,  we  evaluated  CML  progenitor  cell  markers  identified  by  microarray 
meta-analysis.  Additional  experiments  will  focus  on  larger  scale  evaluation  and  optimization  of 
Bcr-Abl  detection  in  primary  CML  cells  and  attempts  to  isolate  persistent  CML  cells  from 
patients  in  cytogenetic  remission. 

The  majority  of  studies  to  date  characterizing  mechanisms  of  disease  persistence  focus  on  newly 
diagnosed  or  untreated  CML  cells  either  newly  isolated  or  cultured  in  vitro  to  identify  imatinib- 
resistant  populations.  As  our  studies  have  shown,  results  obtained  by  this  method  are  complicated 
by  culture-induced  changes  to  the  cells.  Also,  it  is  impossible  to  assess  whether  resistant 
populations  identified  by  in  vitro  culture  behave  similarly  to  persistent  CML  cells  in  CCR  patients. 
Through  the  development  of  sophisticated  methods  of  CML  cell  isolation,  we  hope  to  study 
mechanisms  of  imatinib  persistence  in  pertinent  cell  populations.  This  approach  will  be  critical  for  a 
thorough  understanding  of  disease  persistence  and  may  allow  identification  of  novel  drug  targets  or 
methods  to  sensitize  resistant  cells  to  imatinib  or  alternative  Bcr-Abl  kinase  inhibitors. 
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•  Brian  Druker,  MD  -  Principal  Investigator 
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American  Board  of  Internal  Medicine,  Medical  Oncology  1987 

Oregon  Board  of  Medical  Examiners  No.  18379  1993 
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Professional  Affiliations 

American  Association  for  the  Advancement  of  Science  ( AAAS) 
American  Society  of  Hematology  (ASH) 

American  Society  for  Microbiology  (  ASM) 

American  Society  for  Clinical  Investigation  (ASCI) 

American  Society  of  Clinical  Oncology  (  ASCO) 

American  Association  for  Cancer  Research  (AACR) 

Children’s  Oncology  Group  (COG) 

The  American  Society  for  Cell  Biology  (ASCB) 


Major  Research  Interests 

•  Identification  and  characterization  of  substrates  of  activated  tyrosine  kinases  with  specific  emphasis 
on  the  BCR-ABL  tyrosine  kinase 

•  Evaluation  of  specific  ABL  tyrosine  kinase  inhibitors  as  mechanism  based  therapeutic  agents  for 
chronic  myelogenous  leukemia 

•  Identification  of  molecular  pathogenetic  events  in  leukemia  with  specific  emphasis  on  tyrosine 
kinases  and  development  of  inhibitors  of  these  kinases 

•  Clinical  trials  of  molecularly  targeted  agents 

Teaching  Responsibilities  at  OHSU 

Lecturer,  CON  654:  Topics  in  Signal  Transduction,  Graduate 
Lab  Instructor /Lecturer,  MSCI  623:  Pathophysiology  of  Blood,  2nd  year  Medical 
Lab  Instructor,  BBOD:  Biology  of  Neoplasia,  1st  year  Medical 
Lecturer,  CELL  616:  Cancer  Biology,  Graduate 

Lecturer,  CON  653:  Molecular  &  Cell  Biology  II  Eukaryotic  Cell  Biology,  Graduate 
Lecturer,  Fellows  Training  Course 

Lecturer,  HIP  514:  Molecular  Biology  for  Clinical  Research,  Continuing 
Lecturer,  CON  665 :  Development,  Differentiation  and  Cancer,  Graduate 


1993 - present 

1994- present 
1994-present 

1994- present 

1995 - present 
1997-present 
2005 -present 
2005-present 


Grant  Review 


American  Society  of  Hematology,  Fellow  and  Junior  Scholar  Awards  1997 

Damon  Runyon-Lilly  Clinical  Investigator  Award  Committee  2003-2005 

Department  of  Defense  Chronic  Myelogenous  Leukemia  Research  Program,  Ad  Hoc  Reviewer  2004 
Doris  Duke  Charitable  Foundation,  Clinical  Scientist  Development  Award,  Reviewer  2001-2005 

Fanconi  Anemia  Research  Fund  1996,  1997 

Israel  Science  Foundation,  Ad  Hoc  Reviewer  2000 

National  Institutes  of  Health  (NIH) 

Hematology  Study  Section  I,  Ad  Hoc  Reviewer  1995,  1996 

Hematology  Study  Section  I,  Permanent  Member  1997-2001 

M.D.  Anderson  Cancer  Center,  CML  Program  Project  Grant  1994 

National  Cancer  Institute  (NCI) 

■  Cold  Spring  Harbor  Cancer  Center  Grant  1 995 

■  Thomas  Jefferson  University,  Cancer  Center  Grant  1994,  1998 

National  Institute  of  Diabetes  &  Digestive  &  Kidney  Diseases  (NIDDK) 

■  Centers  of  Excellence,  Molecular  Hematology  1 994 

Oncological  Sciences,  Special  Emphasis  Panel,  Myeloid  Leukemia  2005 

XVII  International  Symposium  for  Comparative  Research  on  Leukemia  and  Related  Diseases  1 994 

United  States-Israel  Binational  Science  Foundation,  Ad  Hoc  Reviewer  1996 


VA  Merit  Award,  Ad  Hoc  Reviewer 


1995,  1996,  1997 
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Manuscript  Review  &  Editorial  Responsibilities 


Editorial  Board,  Blood 

Editorial  Board,  Cancer  Cell 

Editorial  Board,  Cell  Cycle 

Senior  Editor,  Molecular  Cancer  Therapeutics 

Senior  Editor,  Hematologic  Malignancies,  Hem/Onc  Today 

Editorial  Advisory  Board,  Handbook  of  Genomic  Medicine 

Associate  Editor,  Blood 


1998-2002 

2001 - present 

2002- present 

2003 - present 
2005 -present 

2005 - present 

2006- present 


Ad  hoc  reviewer:  British  Journal  of  Haematology  •  Cancer  Research  •  Clinical  Cancer  Research  • 
Experimental  Hematology  •  Journal  of  Biological  Chemistry  •  Journal  of  Clinical 
Investigation  •  Journal  of  Clinical  Oncology  •  Journal  of  the  American  Medical 
Association  •  The  New  England  Journal  of  Medicine  •  Proceedings  of  the  National 
Academy  of  Science 


Committee  &  Board  Membership 


American  Association  for  Cancer  Research 
Board  of  Directors 

Clinical  and  Experimental  Therapeutic  Awards,  Selection  Committee 
2005  Pezcoller  Foundation- AACR  International  Award  for  Cancer  Research 
Selection  Committee 

Clinical  Research  and  Experimental  Therapeutics  Awards,  Nominating  Committee 

2005  Award  for  Lifetime  Achievement  in  Cancer  Research,  Selection  Committee 

2006  Pezcoller  Foundation- AACR  International  Award  for  Cancer  Research, 
Nominating  Committee 

American  Society  of  Clinical  Oncology,  Program  Committee  Member:  Adult  Leukemia 
&  Lymphoma 

American  Society  of  Hematology,  Scientific  Committee  on  Neoplasia 
American  Medical  Informatics  Association:  Global  Trial  Bank,  Steering  Committee 
Institute  of  Medicine,  Cancer  and  Cancer  Biology  Interest  Group 
The  Leukemia  &  Lymphoma  Society 
Oregon  Chapter  Board  of  Trustees 
National  Board  of  Trustees 

■  Medical  and  Scientific  Affairs  Committee 

-  Professional  Education  Subcommittee 

■  Brand  Communications  Committee 
Concert/Collaborations  Resource  Team 
Research  Foundation 

Co-Chair,  Search  Committee  for  Executive  Vice  President 
The  Max  Foundation,  Scientific  Medical  Board 
Multiple  Myeloma  Research  Consortium,  External  Advisory  Board 
National  Cancer  Institute 

Molecular  Targets  Working  Group,  Organ  Systems  Branch 
Advanced  Biomedical  Technology  Development  Working  Group,  National  Cancer 
Advisory  Board  (Chair,  Cancer  Therapeutics  Focus  Group) 

External  Scientific  Committee,  NHGRI  Human  Cancer  Genome  Project 

■  Ethics,  Law,  &  Policy  Subcommittee 

National  Institutes  of  Health,  Advisory  Committee  to  the  Director:  Working  Group  on 
the  Protection  of  the  Taxpayers’  Interests 


2002- 2005 

2003- 2004 

2004 

2004- 2005 
2004-2005 

2005 

2001-2002 
2000-2004 
2005 -present 

2005 - present 

1993-2003 

2002-2003 

2001 - present 
2004-present 

2002- 2004 

2006- present 
2006-present 

2006 

2002- present 

2004- present 

2003- 2004 

2003-2005 

2005- present 
2005-present 

2003-2004 
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Oregon  Health  &  Science  University 

Senior  Leadership  Council,  OHSU  Cancer  Institute 

■  Executive  Committee 

Search  Committee,  Endowed  Chair  -  Cancer  Research 
Institutional  Review  Board 
Heme/Onc  Fellowship  Task  Force 

Department  of  Medicine  Task  Force  for  Faculty  Productivity 

Internal  Advisory  Board,  Center  for  the  Study  of  Weight  Regulation 

Internal  Advisory  Board,  Stem  Cell  Biology  Center 

Research  Council 

Research  Steering  Plan  Committee 

Research  Strategic  Plan  Committee 

Founding  Member,  Oregon  Clinical  and  Translational  Science  Institute  (OCTSI) 
Public  Library  of  Science  (PLoS),  Board  of  Directors 
Southwest  Oncology  Group,  Leukemia  Committee 

■  Leukemia  Translational  Medicine  Subcommittee 

University  of  California  San  Diego,  Rebecca  and  John  Moores  UCSD  Cancer  Center 
External  Scientific  Advisory  Board 
University  of  Minnesota  Cancer  Center  and  School  of  Pharmacy, 

Experimental  Therapeutics  Scientific  Advisory  Committee 


1993 -present 
1993 -present 
1994-1995 
1994-1997 
1995 
1995 

2003- present 

2004- present 
2004-2006 

2006-present 

1998-1999 

2006-present 

2003- present 
2006-present 
2006-present 

2004- present 


2004-present 
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